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Different cultivation practices promote berry coloration and quality in

Queen Nina grape
JIN Huanchun', JIN Lianyu’, CHEN Yiya’, WANG Liangde', WU Ying', HU Dan"", ZHANG Pei’ an*

('Wenzhou Agricultural Technology Extension and Service Center, Wenzhou 325000, Zhejiang, China; *Yueqing Lianyu Grape Research
Institute, Yueqing 325600, Zhejiang, China; *College of Horticulture, China Agricultural University, Beijing 100193, China; ‘Zhejiang In-
stitute of Subtropical Crops, Wenzhou 325005, Zhejiang, China)

Abstract: [Objective] The Queen Nina grape is famous nationwide for its excellent appearance and
taste. However, its productivity and quality are largely limited by the climate factors such as high tem-
perature, humidity, and insufficient light during the veraison stage, leading to poor berry coloring, re-
duced sugar accumulation and reduced commercialization. Traditional techniques to improve grape ber-
ry coloration include trunk girdling, leaf removal, and cluster and berry thinning, which are often labor-
intensive and technically demanding for producers. In this study, we compared the advantages with dis-
advantages of spraying different plant growth regulators or amino acid fertilizers, and laying reflective
film, with spraying water on the berry surface serving as a control, so as to select simple and easy culti-
vation practices to promote coloration and quality of Queen Nina berries. [Methods] With Queen Nina,
produced in facilities in a southern China production area (Wenzhou, Zhejiang) as the sample, before

turning color (E-L 34), the berry surface was sprayed with trans-abscisic acid (T1, dilute 200%), Guo-
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dele (T2, dilute 1000x) , methyl jasmonate (T3, 50 mg- L") , Tianrunduocai (T4, dilute 1000x) , Jinc-
hungqiu (T5, dilute 2000x), ethrel (T6, dilute 600x), Aiduoshou (T7, dilute 4000x), Aiguolong (T8, di-
lute 800 x), the reflective film (T9) was laid on the ground, and clean water was sprayed as a control
(CK). The first sample was taken before treatment and thereafter at 10 d intervals for four consecutive
times, recorded as DS0, DS1, DS2, DS3 and DS4, respectively. During berry ripening, we measured the
coloration level of the cluster, colour index for red grapes (CIRG), berry morphogenesis and berry hard-
ness. The expression levels of the genes related to the synthesis of anthocyanin (VvCHS, VwUFGT, VvD-
FR and V'vMYB90) in the skin, as well as the changes of the traits of the flesh such as the content of to-
tal soluble solids (TSS), soluble sugars and organic acids were analyzed. Meanwhile, the contents of
volatile organic compounds (VOCs) in the ripening berries were also measured. [Results] Our findings
revealed that, apart from T7 and T8, which contained sodium nitrophenol and amino acid fertilizers as
active ingredients, all the other treatments were able to significantly enhance berry coloration and in-
crease the expression of VwCHS, VwUFGT, VvDFR and VvMYB90 in the skin. Among them, T1 exhibit-
ed the most effective improvement in berry coloration. At DS3, the coloration level of the cluster was
4.85 and the CIRG was 5.52 (meeting the criteria for deep red colour), with a content of 0.29 mg- g of
the total anthocyanin, but T1 was not able to effectively increase the content of soluble sugars and
VOCs in the pulp. T3 not only improved fruit coloration and promoted the expression of related genes,
but also drastically increased TSS, soluble sugars and VOCs, in which the content of the total anthocy-
anin in the skin and the content of soluble sugars and VOCs in the flesh at DS4 were 0.28, 180.40, and
30.28 pg - g'', respectively. Both T1 and T3 had little effect on berry longitudinal and transverse diame-
ters, and reduced berry firmness at fruit ripening, which was significantly lower than that of CK at DS4,
being only 1.08 and 1.02 kg - cm?, respectively, whereas the T5 and T9 were very different, with signifi-
cant effects on increasing berry longitudinal and transverse diameters, and firmness. At DS4, the single
grain weights of T5 and T9 were 14.77 and 14.99 g, respectively, which were 14.23% and 15.93% high-
er than that of CK, and the transverse diameters were 28.52 and 28.73 mm, respectively, which were
3.56% and 4.32% higher than that of CK. At DS4, the total organic acid content in the flesh of T4 treat-
ment was relatively less (only 2.79 mg - g''), and there was no significant difference between the other
treatments and CK, with the contents ranging from 3.40 to 4.53 mg- g"'. In addition, T1, T2 and T4 were
able to significantly increase the content of trans-2-hexenol, which was the most abundant terpene in
the pulp of Queen Nina. Finally, a comprehensive evaluation based on subordinate function values anal-
ysis suggested that T3 was the most effective treatment overall. [Conclusion] 50 mg- L' methyl jasmo-
nate was selected as the best treatment in this study to improve the color and quality of Queen Nina
grape berry. It not only promoted the expression of anthocyanin-related genes, so as to effectively im-
prove fruit color, but also increased TSS, soluble sugars and VOCs in the flesh.

Key words: Grape; Queen Nina; Cultivation practices; Berry coloration; Quality
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Table 1 Different treatments carried out in this study on Nina Queen clusters before color change

Gis AT ST A 7 e
No.  Treatment Processing condition Manufacturer HAMIY Active ingredient
Tl S-iFHE Tk 200 fi VU1 g A R A IR 93 AR A 7 5% S-iFEdiE
Trans-abscisic acid Dilute 200x Sichuan Lomon Bio. Technology Co., Ltd 5% Trans-abscisic acid
T2 CREGE ke 1000 fi% i b Bl (I D A R C.M.F.S il 4 b 8 K B
Guodele Dilute 1000% Yidi International Agriculture (Beijing) Co., Ltd C.ML.E.S (Highly concentrated
molasses fermentation broth)
T3 RFIERH R 50 mg-L" R REFREARA A 95% A FI I H 1
Methyl jasmonate (MeJA) Beijing Solarbio Technology Co., Ltd 95% MelJA
T4  RiEZE i 1000 £ N K 2 R A A A AT BR A ) FAERAE
Tianrunduocai Dilute 1000x Guangzhou Tianrun Colorful Ecological Agriculture Co., Ltd ~ Amino acid fertiliser
T5 &M FiFE 2000 1% R ARBGAR YR R A 5-Z Kk AL R (5-ALA)
Jinchunqiu Dilute 2000x Nanjing Hejiachun Biotechnology Co., Ltd S-aminolevulinic acid
T6 LI B 600 fi7 P9I DG A AT BR A 7 40% LI F
Ethrel Dilute 600x Sichuan Guoguang Agrochemical Co., Ltd 40% Ethrel
T EEW iR 4000 fi AL Tk GREHD A M i
Aiduoshou Dilute 4000% Asahi Chemical Industry (Zhangzhou) Co., Ltd Sodium nitphenol
s Rk Fi B 800 fi RN T W 2R BT IR A FAERAE
Aiguolong Dilute 800x Shenzhen Wugu Network Technology Co., Ltd Amino acid fertiliser
T9 R FER R IE T 77 5 2 AR 1.5 m R M TR 50 5 et Ao 55 119 0.5 m TR IR 11 €8 SOl AT (1446B 2, #E IR, 36D,

BRI AR AL B .

Reflective film

0.5 m wide white reflective ground cloth (1446B, DuPont, USA) aligned with the outer edge of the canopy was laid
on the ground 1.5 m from the cob directly below the canopy, and the clusters were sprayed with water treatment.

CK  1&7/K Water

VA R AR B R B R SR AL B CELAE CROIIUIN 1% 1580 1F A& HNFE M7 -

Note: The active ingredients are taken from the ingredient statement on the package, and 1% Tween-80 was added as a surfactant to each spray

treatment (including CK).
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Table 2 RT-qPCR primer sequences
E TR E VbR LRI PF 5 UGS
Gene name Gene ID Forward primer sequence Reverse primer sequence
VwCHS X75969.1 AAACTATGTGCTACAGTCC GACTACAGTTCAGAAATAA
WUFGT KJ495698.1 GGGATGGTAATGGCTGTGG ACATGGGTGGAGAGTGAGTT
VvDFR NM_001281215.2 GAAACCTGTAGATGGCAGGA GGCCAAATCAAACTACCAGA
VvMYB90 XM _010666609.2 TAGTCACCACTTCAAAAAGG GAATGTGTTTGGGGTTTATC
WUBQ XR_002030723.1 GAGGGTCGTCAGGATTTGGA GCCCTGCACTTACCATCTTTAAG
1.6 HIETH T X 4 FhAbH#, B A T 1.28~2.89. CK [ a {H1E

KA SAS 9.2(SAS Institute Inc.,Cary,NC,
USA TS IT %53 #1. K H Duncan % H LR 56
(p<<0.05) 73 #1 W 3E K.

2 HR5

2.1 AEBRCERSILIMMEIRAIZE
2.1.1 RAREEAZE HE1-AWH, S0 TT
R T7 A1 T8 A, oA Ab 78 2% CK B g W5 (i i3k 48 4
SJERIE A, Hoh TRk R 505 A RE T B iR
7EDS3 I T1 H @R E AR T 4.85, B & TH
Al 4 B AT CK ; IS T2 RT3 Ak 3 SR A (0 45 2% )
AR 3.85 F113.95, {H [F] #F 2 2 =1 T HoAh Ab B 5 T4
T5.T6 A1 T9 &b 2 73 51 4 2.98.2.97.2.45 F12.45, }
o T4 RN TS Ab PR 2 & T T6 AT AL HE ; 17 T7. TS Al
CK VA 1.75.1.85 F11.65, 3 N b B [A) AN{7AE 535
PR, EDS4N, T1.T2.T3 AbFE ) A (0 5 2
¥k 3 5.00, BEFE (4RI >90% , T4 TS5 Fll T b3
1 M 35 60 2 2% 1 3200 5.00, 43 1) 4 4.74.4.56 Al
432, TO 4 FH B A~ 3.25,H & & & T T7.T8 Al
CK, 73 58 2.65.2.77 F12.48, It 3 /> hb H [8] ANTEAE
BEEER(E1-B),

L RS AR BT — D L, R LK DR
B 5 RSB N, LA b TR EOEWTIR /N 11 a Al
CIRG 38 i, {ELA [) Ak 34 (14) 5 51 2 €6 48 2500 n a3 ok
/D (R BEAFAE 22 5 . fE DST N, &AL FE Y LA 1Y B
FKT CK. 2 DS2H, 5 CKAHLL, T7.T8 1 T9 4t
PEOR R 35 22 e, T A Ak P R IR T CK
{EDS4 W}, T8 FI T A BE 5 CK 2 A3, T1 A1 T2
A 3 D) KR G ARG, 2 B O Ak R 56 4 R 7 € R B TR
T7.T8.T9 F1 CK [ b 7E %5 A I 1 1 22 57 A X 3R
/N, B9 DSO [ 10.00~10.45 [% 4= DS4 5} (1) 5.00~5.79,
7 HeAth A HEAE DS4 4 I 8] 8 B8 3% 2 5, (H 56 B K

DS0~DS3 J 8] ¥ Jy il , (L AE DS4 1L 2] T 3.06, 1M
T1 F1 T2 4k 3 4 DS1 I8 4 IE4E L 43 5l 9 1.37 F
0.44, H 5 & T HABALTE . £ DS4 I}, 5 CK AL,
T7. T8 FITY I a (H AR RIH B3 %= 7, M H
Al b HE R B 552 = T CK
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YR 25 A3 B e, HLYE DS3 B Lk B T IRAT
(A E (5.52) , i 35 iy T At AL 1, T2 A1 T3 Ab 22
IR B2 bR UE , 4351 h 4.68 F14.20, 1M PLI CK 4K
(A Kb F 3 45 6 b v (1.87) , H B 35K T H b 4b
., 7EDS4 W, Bk CK Ak, % A1) 5SS 6 3 bR
#E 5 DS3 i R #F — £, i CK ] CIRG H A 2] T
2.76, AR EL(FR3) .
212 ¥uKE  AFELFEAMNDS0 % DS kLR
AR E RN . £ DS4H, TS T7 F1T9 &b
A K, 43 518 14.77.14.79 A1 14.99 g, H M DSO
2 LI R T 3.00 g, 11 T2 F1 CK AHXS 8N, 53 5]
N 12.88 F112.93 g, 70 SN T 1.45F11.00 g. Ik
A, HoAth AL FE (T2 B A1) 7E DS4 B B4 57 B [ Bk
T CK,ANF 13.42~14.44 g 2 [A] (R 4.,
2,13 #HMEEEHMEH SAHEA P RLBEETN
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T7 AT AL (1R A% 8 2 KT HAh AL 38 (T6 B 4M)
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Fig. 1 Changes in coloration (A) and coloration level (B) of Queen Nina after different treatments
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Fig.2 Effects of different treatments on fruit firmness of Queen Nina berry
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Fig.3 Effects of different treatments on the content of anthocyanin in Queen Nina skin
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Fig. 4 Effects of different treatments on genes related to anthocyanin synthesis in Queen Nina skin
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Fig. 5 Effects of different treatments on the content of anthocyanin in Queen Nina flesh
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Fig. 6 Effects of different treatments on soluble sugar (glucose, fructose) content in Queen Nina flesh
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Effects of different treatments on the content of organic acid (tartaric, malic, and citric acid) in Queen Nina flesh

1493 mg-g', HEDS2Hf, T5.T6. T7. TS AL LI CK
IR B PR PRI, BB KT HAth b . A
DS4 ], AT 37 B B B AT RIS, A T 0.04~
0.37 mg- g AR T A BRFIAT AR IR , S i % 4 P 2 it
HHREENT2.79~453 mg g, Hh T4 b ¥ 5 &
FXF AR, T A AL S CK & R 2= R B/ N - D .

226 RATVOCsEaE FHMEIEHIEERSLR

g
wn
]

bl | 1l

S
=N

i, S ¥

10O ¢

T6



2062 3 L)

{: 4145

R 5 o MR i AR AR, PRt i I GC-MS I E
T DS4 B HASL AR R (L B A T SE VOCs (1)
o, b e 2 S R R R 3R VOCs & &
xR R T1.T7F1 T ALHE Y VOCs & &K T CK,
I3 R24.37.24.88.22.35#125.80 pg- g, - AbEEH T2

I VOCs B, N 32.87 ng- g, HAESIR A & Ab A
Wi, N 9.04 ng-g's RN E B BRARIR D)
JT, 75 T1.T2 £l T4 AbFE AR5, 43 14 0.26.0.27
F10.23 pg- g MHHAMAHEENE T CK(E8-A)

MAE VOCs K53 Hr, £ 1R £ T A2 Y ik 2 )5 R

A Off Esters O Aldehydes @)% Hydrocarbons @ Alcohols — Bi)# Terpenes B Ketones W ILAth Others
» ' ——= =T s s
T8 [ . 1l ;

_ 17 I - i |

g 16 | | = | i i

g TS I . |- i

E T4 ] 1N :

3T3 I 1l 5
T2 : : . - ' . R
T1 | Il i |
CK | - E E

0 5 10 15 20 25 30 35
wERMEE NI The content of VOC/(ug- g™

B » a c - 30¢ a
8 18 b a a o op g «°§f

& 8 15 b da S ~ &
oA d g
NE%w 12| e
= O e =
N 9+ = o
< E =%

g o B

= 5

[=] =

O 3t E

0 L L) A L L L L L L) O
TI T2 T3 T4 TS T6 T7 T8 T9 CK T1 T2 T3 T4 TS T6 T7 T8 T9 CK

D 30 - 4bFE Treatment E ~ 8 r a AbFE Treatment ,

[SIPN 0 b b
~B% : b — h b
ggn® 2 6t
NEZZ20 ~ 3 c
295 s =25 4
SN Ui d d d

F == 10 =5
aez s 2t

£:% s H
=i =

=53 1)
Uﬂgoo @) 0 | I I . T S I A A A A . i B ' . ]
TI T2 T3 T4 T5 T6 T7 T8 T9 CK TI T2 T3 T4 TS5 T6 T7 T8 T9 CK
F o 8 ra AP Treatment G 3 0.30 ¢ a AbPE Treatment
) a
oo/ ~5 025
S 6 3
22 s EE 020
Sz Wi
% S 4 ;\}l g g 0.15
#s 3 237 010
= 2 - E
2 =2 005
S | 5
0 “ 000

T1

T2 T3 T4 T5 T6 T7 T8 T9 CK
AbFE Treatment

A NI BE R EH WA (VOCS) LEAN [ b FE A
JE S 3 2 VOCs EA AL BEAH & S 25 57

T1 T2 T3 T4 T5 T6 T7 T8 T9 CK
Ab¥ Treatment

SRNZES,B~G RN CRR TR T TR I R-2- T IGIR L O R eal-2-2

A is the difference in the content of different types of VOCs in different treatment groups, and B-G are the differences in the content of major

VOCs such as ethyl acetate, ethyl butyrate, (Z)-2-Butenoic acid ethyl ester, hexanal, toluene, and trans-2-hexenol in different treatment groups, respec-
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Fig. 8 Effects of different treatments on the content of VOCs in Queen Nina flesh
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Table 5 Subordination degree related to Queen Nina fruit

quality traits after different treatments
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ﬁﬁ%‘é%[ﬁ ,T'T:TI\T?_ FIT4 ﬂ‘ﬁ*ﬂ%%?,ﬁ\:ﬁj%ﬁ Tl 0.55 0.47 0.53 0.42 0.49
T2 0.41 0.34 0.44 0.53 0.43
CK, 7 580.23.0.22F10.23 pg-g' (K 8-G) »
A ’ ]j\jjjjj A Hg'g 8 T3 0.59 0.57 0.66 0.62 0.61
=12 \ = = N
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Table 6 Subordination degree related to fruit quality traits at DS4 after different treatments
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